6. Alternative to Experimentation

Mathematics and computation are now forming a much larger place
for themselves as an alternative to experimentation. This is a role that
is not new to mathematics, but one that can now be played far more
effectively using computational power. Mathematically prepared com-
putational models are used to simulate complex structures, systems, or
organizations in a number of industrial research, development, and man-
ufacturing settings. Calculational models are used to design, optimize,
and study effective operations in place of building costly petrochemi-
cal pilot plants. A large computational system, programmed to solve
tough nonlinear partial differential equations, can do much of the work
of expensive-to-build and expensive-to-operate wind tunnels. Analysis of
a large space station for controllability, structural integrity, and general
dynamic behavior must be done before the station is sent aloft. Huge
calculations, requiring processing at over a billion computer instructions
per second, are currently used to test the logic flow on integrated circuit
chips before they are constructed.

In all of these examples, and in many others, the ability to mathe-
matically represent the system or the structure and then the capability
for efficient computation, are becoming an economic way to do the work
of experimentation. We will see a great deal more use of this new kind
of engineering and scientific tool in the future.

Mathematics is on the verge of its greatest involvement in technol-
ogy-

B. MATHEMATICS IN AND AS SCIENCE

1. The Nonlinear World

Mathematics has always had a close relationship with the physical
sciences. Continuum mechanics and mathematical analysis developed
together. In the new physics of this century, mathematics has been
available in advance of physical concepts (e.g., matrix and group theory
for quantum mechanics or differential geometry for general relativity)
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